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I INTRODUCTION 
Ie Purpose and Scope 
In order to obtain dynamic tests of structures or structural co~onents 
in the laboratory it was necessary to design and construct a machine which could 
provide the required load and strokeo Two of the machines (Noo l.and Noo 2) de-
scribed in this report were constructed for the Air Force under Part b of Exhibit 
n CII of supplemental agreement S 9· (55 -102) Contract AF 33( 616) -170 c The general 
specifications for the machines are as follows: 
a o Load capacity - 50,000 Ib with approximately 75% of original full 
load acting at the end of stroke if used without controlled unloading. 
bo Length of loading stroke - 12 to 18 inches, the longest possible 
stroke being the most desirable~ 
c. Time for load to reach peak value - less than 00010 seconds with 
the least possible time being the most desirableo 
d. Unloading time - maximum 0.030 seconds without control 0 The load-
ing unit shall be designed to incorporate controlled unloading. 
The machines were built with the intention of using them in carrying 
out the testing program set forth in the above contract. A similar machine (Noo 
3) was simultaneously constructed for the University of Illinois. This machine 
was later altered, giving it entirely different loading. characteristics. 
The operational characteristics determined from calibration tests and 
from a t~eoretical analysis are presented for both types of machineo Since the 
machines are in no way similar to the usual laboratory equipment, it is intended 
that this report be used as an operation manual for the machines; thus, working 
drawings of the component parts, and other miscellaneous information are included 0 
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The design of the machines is based upon the University of Illinois' 
20 kip Pulse Loading Machine designed by J. M. Massard (2)*. The basic machines 
described. in this report were (ieBigued. and constructed under the supervision of 
F. L. HmJl~I.L The trigger mec.h.B.nimn" slide valves and minor parts of the machine 
were aJ.. tered. by the author and P r'~fe8Bor M8.bsard in order to insure reasonably 
2. Acknowledgments 
The ma.ch:!.nes described in tnis report were conceived and designed by 
staff membe'rs at the Uni.versi ty of Illincis in cooperation with Wright Air De ... 
velopment Center and Air Fore,;; S:pecieJ.. r~ee.punB Center, Department of the Air 
Force, under Contract AF 33( 616) -170. 'Fne YY':)ject was conducted in the Struc ... 
tural Research Laboratory' of the Department of Civil Engineering under the 
general. direction of N. M. Newmark, Rese~rch Professor of Structural Engineering 
and Head of the Depa.::-tmen.t. The pl·oje-Ct vas under the direct supervision of 
F. L. Howland, Re~earch Associate in Civil Engineering, and is now supervised by 
J .. M. Massard J Research Assistant Prol'essur of Civil Engineering. 
Research Assistants and ASBociates who have been directly associated 
with the design, construction, and. calibration of the machines include W. Egger, 
R~ F. Wojcieszak, and J. H. Sams. 
Illstrwrtentation used thT~)ll.gb.01.lt the c.9.libration tests VlaS, in general, 
the responsibility of V. J. McDonaLd., Research Assistant Professor of Civil E.ngi-
neering. 
In addi tioD. to those indi v idual a n.s.med, the personnel of the C1 vil :Eng!-
neering shop vere instrumental in the deve10pment of these machines. 
*Nu.mbers in parenthesis refer to correspol"~in.g numbered entries in the Bibliography. 
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3" Notation 
Although the notation is def'iDed when it first appears in the text, 
the terms are assembled here . for convenience in reference 1/ 
g 
k 
K 
o 
K(x,t) 
m 
p{x) 
p(x,t) 
atan 
:P 
:pa(t) 
p~{t) 
p;(;:}~ 
. pg 
o 
Area of an auxil1a.:ry pistGn 
Area of main piston upon which the pressure in the top chamber acts 
Area of main piston upon Which the pressure in the bottom chamber acts 
Area of orifice wen open 
Area of a. slide valve rod 
·Force 8.Wlied by machille without -any movement- of the piston 
Force applied by machine after the piston is moved the distance, 6 
·'Ra.p1dload- appliedcy·ma.chine at time, t 
Gra~tiona.I a.ccele-ration. 
Ratio of specific heats of the gas 
Initial force applied to the slide valve 
Force applied to the ~11de val¥e ~ a funetian of time and displacement 
Force applied to the slide valve fram the gas in the auxiliary chambers 
Force applied to the -slide- val.ft:- -:F:ran the gss- in tbe main chamber 
Atmospheric pressure 
Initial absolute pressure in a ~hamber 
Initial absolute pressure in the externa.l chamber 
Final a:bsolute pressure in both external and internal. chambers without 
movement of the piston 
Absolute pres:aure at time I t 
Absolute .preesure in tJle ~mal.~:r ."time.f:-~ 
.-AP.s.ol.ute··press~ in the -external. -ehamber at time, t 
Initial. gage pressure in 8 .Chamber 
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g 
Poe Initial gage pressure in the external chamber 
g 
Poa Initial gage pressure in the auxiliary chambers 
g 
Porn InitiaJ. gage pressure in a main chamber 
g 
Pot Initial gage pressure in the top chamber 
g 
Pob Initial gage pressure in the bottom chamber 
g Pa(basic) Basic ~gage-pressure for the auxiliary system 
R 
R.,R ,R lea 
T 
Ti,T ,T e a 
'T 
1"1 
t 
t 
a 
v 
v 
o 
Gage pressure at time, t 
Perfect gas constant 
Perfect gas constant for gas in the internal chamber, external 
chamber, and air respectively 
Absolute temperature 
Absolute temperature of gas in the internal chamber, external 
chamber, and air respectively 
Time measured from the time the slide valve begins to move 
Time at which the slide valve begins to open the orifice 
Time measured from the time the slide valve begins to open the orifice 
Assumed time to evacuate the ga.s in the main chamber 
Time at which the orifice is 'fully open 
Time at which the pressure in the chamber reaches the critical pressure 
Volume of a chamber 
ItiitiaJ.. volume of a main chamber before the piston is·m0ved.:. 
Volume of an external chamber 
Volume of an inte:rn:al c'hamber {for ·Ma.chine -No. 3 V i:f! V t or Vb) 
Volun~of the bottom-~hamber 
Volume of the top chamber 
--Change in :volume ~.oj' ,f;L:mai-n :chamber -as' a result of p.iston .movement 
--Change in -volume _of the top chamber as B; result of piston-mo:veme-nt 
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5Vb Change in volume of the bottom chamber as a result of piston movement 
w(t) Weight of the gas at time} t 
X Acceleration 
x Distance which determines the initial volume of the auxiliary chambers 
o 
x Distance the slide valve moves and consequently the distance the 
auxiliary pistons move. 
= 
= 
\1 = 
'" 
= 
Orifice coefficient 
2 l/k-l 
(k + 1) 
A (3 0 t 2 
-T} - --V 2 tl 
(3 A 0 
tl -i1 - 2 V 
(3 
-'11 V Ao(t .. t l ) 
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II SUMMARY AND CONCLUSIONS 
4. Summary and Conclusions 
Pneumatically operated testing maChines, which use commercial nitro· 
gen or helium as the pressure source, and associated apparatus have been de-
veloped. The machines are basically piston devices in which the load output 
is the result of differential pressure. Chara.cteristics of machines No .. 1. and 
No. 2 are as follows: 
a. Stroke: 
A maximum stroke of 18 inches is possible in either tension 
or compression. 
b. Load: 
A load having any selected value up to 62, Boo Ib can be ap ... 
plied either slowly or rapidly in either tension or compression. 
For a compressive loadingJapproximately 70 percent of the full 
load acts at the end of an 18-inCh stroke or approximately 80 
percent at the end of a l2-inch stroke. 
c . Load Rise Time: 
For a compressive loading using nitrogen as the pressure 
source the rise time will range between 0.005 and 0.018 seconds 
depending upon the pressure and piston position. For helium the 
compressive load rise time will range between 0.003 and 0.008 
seconds .. 
d. Peak Duration: 
The duration of the peak load may be varied from as little 
as 0.008 seconds to many hours. 
e.. Load Decay Time: 
For a compressive unloading using nitrogen as the pressure 
source the load decay time will range between 0.005 and 0.043 
seconds depending upon the pressure and piston position. For 
helium the compressive load decay time Will range between 0.003 
ami 0.017 seconds. A system by which the time of unloading or 
loading may be extended is explained in this report .. 
7 
The large externaJ. cylinders added to machine No. 3 reduce the noise 
of operation and also make it possible to use the machine in a relatively con-
fined space by preventing an overpressure in the space. By initially pressur-
izing the internal chambers, machine No. 3 may be used in the same manner as 
machines No .. 1 and No.2; in which case it will have nearly the same character ... 
iatics.. When the external cylinders are ini tia.lly pressurized and the inner 
chambers pressurized by subsequent It implosion", the rise and decay times are 
considerably decreased fram those for machines No. 1 and No.2. For pulse load-
ings, the load drops off much more with piston displacement than for machines 
No. 1 and No.. 2; a..l tho~ for step loadings, the load maintenance is nearly the 
same. 
The 6o-kip pulse loadiDg machines described in this report have been 
used successfully in testing beams of both steel and reinforced concrete and in 
a.pplying lateral loadings to steel columns.. They have also been used in the 
study of beam to column connections and in the study of simple column base con· 
nections. All of the tests -were conducted such that the specimen either col-
lapsed or was deflected well into the strain hardeniDg range of the specimen 
material. 
The loading function for nearly all tests was essentially a atep load-
ing in which the load was a.pplied within 0.015 to 0 .. 025 seconds and maintained 
at approximat.ely that level until the test "W'O.B completed. For the test of a 
reinforced concrete beam a pulse loading °was applied which had a rise time of 
8 
about 0.017 seconds, was xnaintaiDed at a nearly constant level tor about 0.023 
8~cond.s, and decayed in approxima.telY 0.025 seconds .. 
A theoretical a.n.alys1s is presented in which the machines are assumed 
to act against a rigid base. The few c&r1brat1on tests which were conducted in-
dicate that the theoretical solution is satisfactory for estimating the rise and 
decay time of the load when machines No. 1 and No.. 2 are operated against e. 
rigid base , although, there is some error invcl ved, especially in the longer de ... 
cay times. Since the present 8J1al.ys1s is applicable only to the critical pres-
sure which, for machine No.3, occurs at about 50 percent of the applied load, 
the actual rise and decay times for this machine must be determined by an ex .... 
tensive theoretical. analysis or by experiment. 
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III PULSE LOAt>ING MACHINES NO.. 1 AND NO.. 2 
5.. General Description 
The 6o-kip pulse loading machines No" 1 and No" 2 shown in Appendix 
B, page 68, are ba.sically piston devices in 'Which the load output is the re-
sult of differential pressure.. Commercially bottled nitrogen and/or helium is 
used as the energy source.. The chamber volumes are relatively l.arge so that a 
nearly constant load is maintained. when the piston is moved through its full 
l8-inch stroke. The rapid application and release of loe.d is achieved by us-
ing solenoid triggered slide valves to obtain timed pressure release from the 
two chambers of the device. 
6. Loading Characteristics 
These machines permi t the application of a loading puJ.se that may 
begin from a If statictt level ranging from 6o ... kips tension to 6o ... k1ps campres-
sion; undergo a rapid change of plus or minus 60 kips with the restriction 
that the prepulse load plus the dynamic change in load cannot exceed the limits 
of plus or minus 60 kips; and then retu..'1"'D. either slowly or rapidly to zero load. 
The duration of the :peak load may be varied from a few milliseconds to many 
hours" 
The machines consist of three basic components; the main piston as-
sembly, the slide valve chamber assemblies, and the trigger assemblies which 
, -
are described. in more detail in the following paragraphs. 
Main Piston Assembly 
T 
The main piston assembly consists of a main cylinder with a IO-inch 
internaJ. diameter and a main piston and piston rod.. .An a.ssembly is. shown in 
Appendix B, page 71.. The two chambers of the device are separated by the main 
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piston, and since the piston rod is continuous through only one chamber the ef-
fective area of the piston is less on that side.. The piston areas are 78 .. 54 in,,2 
2 
and 70.24 in.. • Therefore, in order to obtain an initiaJ. zero load output of 
the potential rapid load, the pressures which produce the potential rapid load 
must differ on the two sides of the main piston.. Hereafter the chamber with the 
larger piston. area is referred to as the top main. chamber and the chamber with 
the smaJ..ler piston area as the bottom main chamber. The ratio of the initial 
chamber pressures which result in zero load output is: 
where: "\ = Area of main piston upon 'Which the pressure in the bottom 
chamber acts 
At = Area of main piston upon which the pressure in the top 
chamber acts 
P~t = Initial gage pressure in the top chamber 
P~b = Initial gage pressure in the bottom chamber 
(1) 
The maximum pressures to be used in the machines are 800 psi in the 
top main chamber and/or 895 psi in the bottom main chamber which can result in 
a maximum load of 62 .. 8 kips in either tension or compression .. 
A plate at either end of the main cylinder with an interna.l diameter 
of 9 inches is used to stop the main piston from slippiDg out of the ma.in c.ylin ... 
del" and into the larger diBJ'.lleter slide valve cylinders attached.to the main 
cylinder.. The plate on the end 9f the main cylinder which has the piston rod 
a.l.so serves as an alignment plate for the second loading rod support loca.ted in 
the slide valve chamber assembly~ 
At either end of the machine the slide valve chamber assemblies and 
stop or a.lignment pla.tes are bolted to flanges on the main cylinder. To 
11 
maintain the load within about 75% of ita peak vaJ.ue during compression loading 
the storage chamber, which has a l3 .... inch internal diameter, is inserted between 
the stop plate and slide valve chamber assembly. 
8.. Slide Valve Chamber Assemblies 
The slide val ve chambers sho-wn in Appendix B, page 77, are nominally 
12 inches internal diameter.. The slide valve orifices are located 2 3/16 inches 
fram the ends of the chamber nearest the main cylinder and have a total area of 
approximately 82 in.2, however, the slide valve does not completely clear this 
area when in the open position. The effective area is approximately 55 in. 2 . 
Two auxiliary pistons are connected to each slide valve by the slide 
vaJ..ve rods.. These pistons and rods with their respective applied pressures sup-
ply the force that moves the slide valve. Since the force applied to the slide 
val ve is somewhat dependent on the variable main chamber pressures the pressures 
used in the auxiliary cylinders are adjusted so that the force on the slide 
valve is nearly a constant for any main chamber pressure. 
Each auxiliary cylinder has a 4-in. internal diameter and an effective 
9 2 piston area of 11 .. 35 in....... The area of each slide valve rod is 1.23 in.. • Then, 
the initial force applied to the slide valve is: 
where: 
Ko = 2 [pg A + pS A]; Constant 
om r oa a 
A = Area. of an auxiliary piston 
a 
A = Area. of a slide val. ve rod 
r 
Ko .= Initial force applied to the slide valve 
P~ = Initial gage pressure in the auxiliary chambers 
pg == Initial gage pressure in a main chamber 
am 
For no main pressure: 
K 2 A pg 
a == a a(basic) 
where: P~('ba~SiC) == Basic gage pressure for the auxiliary system 
(2) 
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The pressure in the auxiliary cylinders for any main chamber pressure must be; 
g g 
Poa = Pa(basic) 
A g r 
Porn A 
a 
(4) 
The ratio of A jA = 0 .. 10 is used since it is very nearly the correct 
. r a 
value (0.108) and is an easy value to remember. A few tests were conducted to 
determine the best basic pressure to use in the auxiliary cylinders; however, 
these tests were conducted before the slide valves were altered. They indicated 
that there was very little variation in operating time for auxiliary pressures 
from 300 to 500 psi and that there was an increased operating time for less 
pressure. From this result a basic pressure of 380 psi was selected. With this 
basic auxiliary pressure, the initial auxiliary pressure may be determined from 
the following relationship: 
"Where: 
pg = 380 .. 0.10 pgt 
oa 0 
P~thas been substituted for P~m since the gage for the bottom chamber 
does not measure pressure directly but measures a balance of the po-
tentiaJ. load .. 
The minimum initial force on the slide val ve is approximately 8,620 Ib and is 
obtained when the main chambers are not pressurized. Since the pressures in 
the main chambers differ because of the different effective areas of the main 
piston, the maximum force moving the slide valves differ depending on whether 
the slide valve being considered is in the top or bottom Chamber. The maximum 
force on the slide valve in the bottom chamber is approximately 9,010 Ib and 
the maximum force on the slide valve in the top chamber is approximately 8,780 
lb. 
When the slide valves are installed in the slide valve assemblies, 
they are set 1 13/32 in. from the end of the slide valve cylinder nearest the 
main cylinder in order that the slide valve is centered over the orifices .. 
13 
After the slide valve is centered correctly.. the tappets on the end of' the slide 
val. ve rods are adjusted so that they are in contact wi tb the roller beariD8s on 
the link assembly of the trigger .. 
During the firing operation the slide valve moves 2 7/16 inches before 
I 
it strikes the head, however, the gas in the auxilia.ry cylinders is allowed to 
evacuate through small orifices in the auxiliary cylinders after the slide valve 
has moved only 2 inches.. The fa.ct that no provision was ma.de for absorbing the 
kinetic energy of the slide valves may eventually require the replacement of the 
slide valve rods. 
9. Trigger Assemblies 
The trigger assembly shown in Fig. 1 in the ready position and in Fig .. 
2 in the fired position consists of two slide valve restraining links, connect-
ing bar, supporting frame, trigger pistons, sear assembly and solenoid. Ener-
gizing the solenoid starts the chain of events which terminate in the opening 
of the orifices for the evacuation of the gas from a main chamber.. The sequence 
of: operations of the triggers is as follows: 1) the solenoid is activated which 
2) relea.ses the catch or sear restraining the connecting bar and link assembly 
then, 3) the trigger pistons force the restraining links out of the way of the 
slide valve rods so that the slide valve can move resulting, 4) in the evacua ... 
tion of the gaa in a main chamber .. 
The actual release of the sear is slightly more complex, in that dux ... 
ing the first half inch of travel of thc? solenoid core, the core releases a 
safety device that prevents the sear from becoming disengaged until the sole-
noid is energized.. At the end of the one .... haJ.f inch of travel a sma.ll mass on 
the actua.ting link, which is connected to the solenoid core, comes into contact 
with the sear and through the remaining 1/4 inch of movement of the solenoid 
core the sear is disengaged. The a.ctuating link is held in posi t10n by a fric ... 
tion spring and the sear is held into the locked position by the reset spring. 
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When resetting the trigger, a.fter i;be slide vaJ.ves have been reposi-
tioned, the safety must be moved out of the way in order that the sear can be 
moved to allow the slide valve restraining link assembly to be repositioned. 
Each trigger piston has a one-inch diameter and the pressure applied 
to the trigger pistons is the same as that applied to the auxiliary pistons. 
The nor.mal force on the sear, neglecting any eccentricity of the restraining 
link assembly with the slide valve rods, is approximately 370 to 465 lbs.. The 
frictional force against which the solenoid would have to act in a conventional 
design would be 46.5 Ib, a.ssuming a. coefficient of friction of 0 .. 10. The sole-
noids required to release this force would either be excessively large or re-
quire a. very long stroke. In order to circumvent this problem two things have 
been done.. 1) The face of the sear was made such that the sum of the normal 
and frictional force moments about the center of rotation of the sear is zero. 
Thus, theoreticaJ.ly, no force is required to disengage the sear. (When this 
system was first tried, the jar resulting from firing one end of the machine 
was sufficient to automatically fire the other end; which is one reason the 
safety device was added to the trigger mechanism .. ) 2) A short dura.tion high 
amplitude power supply is used for the solenoids which is slightly more con-
sistent than the power supply specified for the solenoids.. The electronic 
diagram of the power supply is shown in Fig. 3. A pulse f'rom the solenoid power 
supply is also put on the timing trace in order to have a record of the time de eo 
lay between energizing the solenoids and the time the load is applied. 
Two microswi tches have also been included in the triggering mechanism .. 
These switches are connected into the circui t of the timing trace and when a.cti-
vated by the movement of the connecting ba.r the timing trace is displa.ced slightly .. 
Thus a. record is obtained of the time dela.y between energizing the solenoid and 
the movement of the connecting bar .. 
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In order to prevent a reverse firing oy the maChine tor a compressive 
loading pulse, another switch has been installed. in the circuit of the top . 
solenoid. This switch is connected to the trigger and activated by the move-
ment of the bottom connecting bar.. Using this safety switch a pulse loading 
with a 0.020 second delay between energization of the solenoids can be obtained. 
The microswitches and the safety switch are indicated in the wiring 
diagram in Fig. 3. 
10. Supplementary Systems 
In addition to the loading device described in the previous section 
several supplementary systems are required for the operation of. the machines. 
These include the pressurizing system, the sequence control, unit, and the test 
frame for supporting the loading machine and the test specimens .. 
The pressurizing system consists of the gas manifolds, the control 
panel, and the tubing required to connect the loading machines to the gas sup-
ply. At present, two manifolds are being used, making it possible, if desired, 
to supply both nitrogen and helium simultaneously. Portions of the manifolds, 
each of which has a capacity of 4 cylinders of compressed ga~ are shown in 
Figs.. 4 and 5. The. ga.s supply at each manifold is regulated by a pressure regu .... 
lating valve so that only the manifold is subjected to the full eylinder pressure. 
From the manifold the gas passes through' the control panel shown in 
Figs II 5 and 6.. The needle val. ves in the control I?a.nel aJ.low the component parts 
of the maehines to be pressurized from individual gas supplies or interconnected 
in any desired manner. Provisions also have been made for the interconnection of 
several control panels so that more than one machine can be supplied from the 
same manifold. 
Control of the gas floW' to the loading machine s is obtained by means 
of the line valves shown in Fig. 6. Both the supply and the gage lines ~re 
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provided with bleeder lines" The. gage for the bottom ma.in chamber has been re ... 
calibrated so that it indicates the same pressure as the top main chamber gage, 
When there is a zero load output. 
The control of the sequence of operations during a test is obtained 
. with a ten-channel timing system manufactured by Electro-Pulse shown in Fig .. 4 .. 
Each single operationca.n be preset to occur at a. fixed time, . from 6.000 to 
9 .. 999 seconds from initia.tion of the timer. In Fig. 6 four channels of the 
timer are shown diagramatically with the operations which they initiate in a 
ty'pical test .. 
The supporting frame for the loading machines consists of two A-frames 
bol ted to a. rectangular hor1z ontal. base frame. The frame, shown in Fig.. 7, was 
designed to provide for the testing of both beams and frames co The proportions 
of the components of the frame a.re such that the frame should be capable of 
providing a reasonably rigid support for a test in which two loading machines, 
suspe:nded horizontally, each apply a lateral load of' 50 kips to a frame speci-
men. For beam ty:pe specimens the loading machine is mounted vertically in the 
supporting frame .. 
The clear distance between the A-frames is about 40 1 inches to allow 
sufficient space for one to work on the instrumentation for a specimen and to 
be able to use machine No.3, described in the next section, in the same sup-
porting frame. Since the connections provided on the main cylinders were only 
approximately 24 inches apart, spacers are used on either side of the machines 
to att.ach the machines to the supporting frames.. Th~se spacers were constructed 
so that it is possible to rotate the machine through 360 degrees making it a 
mu:c.h easier task to place the machines into or remove them from the frame.. The 
spacers have a bolted friction joint which ordiriarily prevents rotation of the 
machine, however, if the transverse load. on the loading rod becomes excessively 
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large, the joint will slip allowing the machine to rotate and reducing the pcs ... 
slbility of damage to the machine. During the testing of a concrete beam, the 
loading point of the beam did translate and no damage -was observed in the load ... 
ing rOd. The spacer joints are shown in Fig.. 7 attached to the machine and 
:frame • 
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IV PULSE LOADING MACHINE NO. 3 
110 General Description 
The component parts of Pulse LoadingMac~e No. 3 are identical to 
Machines Noo 1 and No. 2 except that large 36-ino O.D. cylinders have been 
clamped around each of the slide valve chambers and the storage chamber is not 
used. Special nOll rings at the head and at the flange of the main cylinder and 
around each bolt seal the chamber from the atmosphere. The machine can be seen 
in the background in Fig. 7. 
120 Loading Characteristics 
When Machine No. 3 is pressurized in the same manner as are Machines 
Noo 1 and No. 2 and operated in the same way (by evacuating the gas from the 
main chambers), it has nearly the same loading characteristics as the other two 
machines. The only advantage that Machine Noo 3 has when operated in this 
manner is to reduce the noise of operation 0 Since the critical pressure is 
reached sooner than when the gas is evacuated into the atmosphere, the rise and 
decay time of the load are slightly greater than for Machines No. 1 and No.2. 
The maximum load is slightly smaller because the gas is released into a con-
fined space and the load decays more as a result of piston movement than do 
Machines Noo 1 and No.2. Because of the greater initial pressure and initial 
volume which is usually associated with the bottom chamber, a tension force 
.remains after both the upper and lower chambers have been evacuated. This 
tension force must be restrained in some manner or it may cause the machine 
to be damaged. 
A more desirable performance is exacted from the machine when the 
external cylinders are initially pressurized and the gas is "imploded" onto 
the main piston. When the machine is operated in this manner, a loading 
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pulse may be applied which may begin from a It static" level ranging from approxi-
mately60 kips tension to approximately 60 kips compression by pressurizing one 
of the internal chamberso Upon imploding the gas the load can undergo either 
one or both of two rapid changes: (a) a rapid change in load of the same sign 
as the prepulse load with the restriction that the prepulse load plus the 
dynamic change in load cannot exceed .a 60 kip range in tension or compression, 
or (b) a rapid change in load ranging from 0 to 60 kips which is of opposite 
sign to the prepulse load 0 .When reference is made to the loading character-
istics of Machine Noo 3 in this report they are the characteristics which 
resul t from operating the mac:b..ine as an If implosion" machine. 
Because only a small amount of gas moves from one chamber to the 
other the rise and decay times are about 1/4 to 1/2 of those for Machines No. 1 
and Noo 20 Testing schedules to date have made it impossible to calibrate this 
machine; however, some theoretical work and one preliminary proof test have 
been conducted 0 In the proof test the loading rod acted against a hydraulic 
ram which presumably caused the oscillations of the load shown in Figo 80 
Section 12 was revised on 28 July 1958 from that which was presented 
in report AFSWC-TR-57-220 
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V CALIBRATION OF MACHINES NO. 1 AND NO.. 2 
13. Purpose and Scope 
To use the loa.d.1ng machines in a test program in which the test speci ... 
mens are to be subjected to a preset load pulse, two aspects of the operation of 
the loading machines must be evaluated: 1) the rise and decay times of the load 
and 2) the time required for the opera.tion of the trigger mechanism. The time 
of operation of the trigger is measured from the time the solenoids are energized 
to the time the microswitches are &,ctivated and to the time the loading or un ... 
loading process begins.. In add! tion to determining the operating time, an esti-
mate of the variation of the operating time and rise time must be obtained in 
. order to be able to determine the minimum possible time interval between loading 
and unloading .. 
The machines were initially calibrated in July 1955; but.. the trigger ... 
ing mechanism and the slide valve design proved to be inadequate in providing a 
consistent time of operation.. The slid.e valves and trigger systems were a.l tered 
until a satisfactory operation was obtained. Because of the time and expense !n-
vol ved in altering the machines and the fact that an experimental testing program 
was in pro~s5, a smaller number of calibration tests were made rather than the 
40 tests previously conducted .. 
Four calibration tests were conducted involving the application and 
removal of the load.. Only nitrogen was used a.s the pressurizing medium in the 
calibra.tion tests since helium gas was virtually taken off of the market between 
the time the two series of ca.libration tests were conducted.. The previous cal.1 .... 
bration teste and the analytical work which has been dane indicates that the rise 
and decay times for helium are approximately one-half of those for nitrogen. 
Since the time in Which the load is applied or released is more a function of the 
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chamber volume than of the initial pressure except for very. small pressures, 
initial pressures of 400 psi in the top chamber and 416 in the bottom chamber 
were used for all of the tests and the chamber volume was varied. The volumes 
of the chambers were governed by the following condi tiona : 
Test 1. 18-inch compression stroke available, with storage chamber· 
Test 2. 18 ... inch compression stroke a.vailable, without storage chamber 
Test 3.. 0- inch compression stroke availa.ble, without storage chamber 
Test 4. 0 ... inch compression stroke ava.ilable, with storage chamber .. 
Since only the piston position governs the volume in the lower chamber two re-
cords are obtained for the extreme volumes of this chamber and serve as an in-
dication of the repeatability of the system. 
14. Instrumentation 
Two load dynamometers were connected in series with the loading rod 
and rigidly attached to the base beam of the frame.. Stra.ins were mea.sured in 
both load dynamometers by means of SR4 strain gages connected into 4 arm bridge 
cireui ts .. The upper dynamometer, which had previously been calibrated in a. 
standard commercial testing machine, was used to calibrate the lower dynamometer 
which was connected to continuous recording equipment. The upper dynamometer 
was also used to obtain a check on the magnitude of the load before the test l 
a.fter the gas in the lower chamber was evacuated, and after the test was com .. 
pleted. Various shunt resistors were placed a.cross one arm of the bridge of 
the lower dynamometer before and after each test. The load which these shunt 
resistors represented was determined by comparing the trace deflection that 
they produced with the trace deflection obtained from the dynamometer when 
known loads were applied. 
15. Results of Calibration Tests 
Each of the load-time relationships obtained in the calibration tests 
is reproduced in Figs. 9 through 14.. Before each rise or deca.y of the load, for 
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machines No. 1 and No.2, a deflection of the trace occurs opposite to the trace 
deflection whiCh occurs when the actual load is applied or released. For machine 
No. 3 a similar trace deflection occurs before eaCh rise or decay; however, it is 
in the same direction as the deflection produced by a.pplying or releasing the 
load as shown in Fig .. 8, indiCating that this initial trace deflection is proba-
bly 8. result of" the restraining link assembly striking the top beam of the 
trigger frame .. 
Because of the small oscillations of the load trace around zero and the 
maximum load, the rise and decay times of the calibration tests are defined as 
the time interval between the time at which the load begins to change, neglecting 
the oscillations, to the time at which the load corresponding to the critical 
pressure is reached.. These times are summarized in Table 2.. and a. comparison 1s 
made with the rise and deca.y times obtained from the theoretical analyses.. The 
minimum rise time is about 0 .. 007 seconds with no ava.ilable stroke and the maxi-
mum is approximately 0 .. 014 second with an avaUable stroke of 18t~; whereas, the 
decay time may vary from a.bout 0 .. 008 seconds to a.pproximately 0.030 seconds de ... 
pending on the piston position ~ Wether or not the storage chamber is used. 
The operating times of the trigger mech.a.n1sms will vary with each 
trigger but, in general, themicroswitches will be activated in approximately 
0.017 seconds and. the begimling of the load change will occur about 0 .. 034 seconds 
after energization of the solenoids. Since the shortest possible time between 
energizing the solenoids is 0 .. 020 seconds, the resultant pulse will have a. pla.teau 
of about 0 .. 008 to 0 .. 022 seconds depending on the rise time and the variation in 
operating time as shown in Fig.. 154 If a. plateau on the loading pulse is not de .... 
sired a mechanical safety should be used to prevent a reverse movement of the 
piston and. the time of operation should be estima.ted by the dela.y times obtained 
from a proof test in -which the main chambers are not pressurized. The pulses 
- ,. 
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shovm in Figs. 16 and 17 each had a 0.020 second delay between energization of 
the solenoids. The oscillograms indicate the type of pulse load which can be 
applied by the machines and the difference between the load rise of the pulse 
for helium and nitrogen gas. The load de.cay for both tests was a result of 
evacuating nitrogen gas from the top chamber. In the figures, the period of 
the timing trace is 0.002 seconds per cycle and the peak load is approximately 
35 kips compression. 
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VI CHARACTERISTICS OF MACHINES WITH PISTON DISPLACEMENT 
16. Load Rise-Time Characteristics 
When the machines are used with a flexible specimen the resulting ac ... 
celeration of the piston and piston rod delays the time in which the load is 
applied.. In Fig. 18 the load. and deflection record obtained from the test of 
a 4WF beam are reproduced(3). The force output of the gas a.t the piston was 
partially resisted by the specimen and its inertia force, and partially re ... 
siated by the friction and inertia force of the piston and piston rod of the 
machine. The instantaneous inertia force of the piston and piston rod plus 
any frictional forces must be added to the instantaneous recorded force in 
order to obtain a load-time relationship at the piston that can be compared to 
the load-time relationship of the calibration tests or of a theoretical analysis. 
From the acceleration record of this test the inertia force of the piston rod 
was determined and is presented in the figure. Although frictional forces have 
been neglected and the precise initial piston position was not recorded, the 
rise time is about as would be expected for this test. 
17. Maintenance of Load 
Since no additional ga.s is introduced into the machine, the load de ... 
creases when the piston moves as a result of specimen deflection. For machines 
No. 1 and No. 2 the ratio of the load. for any movement of the piston to the 
initial applied load may be obtained fram the following relationship: 
(6) 
where: F 
o 
= Force applied by machine without any movement of the piston 
F6 = Force applied by machine after the piston is moved the 
dis tance, .6 
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atm p = Atmpspheric pressure 
v 0 = Initial volume of a main chamber before the piston is moved 
oV = Change in volume of a main Chamber as a result of piston 
movement 
For an 18-inch stroke and. initial compressive loads of 7 .. 85 kips (100 psi in 
the top Chamber) or 62.8 kips (800 psi in the top chamber), the final loads 
are 69 or 72 percent of the initial loads respectively. For a l2-inch stroke 
in which the initial piston position is such that the full 18-inch stroke is 
available, the final loads are 82 or 84 percent of the initial loads respec-
tively. 
For machine No. 3 the ratio of the compressive load at a specific 
piston displacement to the initial compressive load can be obtained from the 
following relationship: 
where: 
_[pa,tm ~ 5Vb Vt + V
eJ g (A) (v + ov. ) (~v~-
P t b b e 
oe 
g 
Poe = Ini t1a.l gage pressure in the externlU ch&nber 
Ve = Volume of an external chamber 
Vb = Volume of the bottom chamber 
Vt = Volume of the top chamber 
oVt = Change in volume of the top chamber as a result of piston 
movement 
oVb = Change in volume of the bottom chamber as a result of piston 
movement .. 
The, term in brackets is a reduction in load caused by the increase in pressure 
in the bottom chamber as a result of the decreased volume. Leaving the slide 
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valve orifice open in the bottom chamber will greatly increase the load main-
tenance characteristics of the machine. 
oVb For this condition (Vb + OV
b
) becomes 
For initial pressures of 100 or Boo psi in the top external chamber 
the initial loads for machine No.3 are 7.23 kips and 57.7 kips respectively 
for an initial piston position in which a full l8-inch stroke is available. 
After the piston moves 18 inches the final loads are 50 and 80 percent respec-
ti vely of the ini t1al load. with the bottom slide valve closed and 76 and 82 
percent respectively of the initial load with the bottom slide valve open. 
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VII THEORETICAL ANALYSES 
18.. Theoretical Load Rise and Decal for Machines No. 1 and No.2 
The loading or unloading process of the 6o-kip pulse loading machines 
involves the release through an orifice of a gas confined in a chamber. The 
so~ution of the time -pressure relationship is simplified by assuming that the 
gas 1s ideal, the expansion of the gas is an adiabatic process and the tempera ... 
ture of the gas in the chamber remains constant throughout the process. The 
solution must also include the fact that the orifice are~ varies with time. 
With the assumption that the gas being released is of one type and 
ideal (Actually the gas is a mixture of air, which was initially in the chamber 
at atmospheric pressure, and either nitrogen Or helium which is introduced into 
the chamber. For nitrogen this'~ssumption is satisfactory; however, same error, 
which bas not been evaluated, is introduced when helium gas is used as the 
pressurizing medium.)" the pressure, volume, weight of gas in the chamber, and 
the temperature of the gas are related by the perfect gas equation: 
where: 
o<t<t 
- c 
:pa(t) = Absolute pressure at time, t 
R = Perfect gas constant 
T = Absolute temperature 
(8) 
t = Time at which the pressure in the c~ber reaChes the criti-
c 
cal pressure 
v = Volume of a chamber 
w( t) :; Weight of the gas at time J t 
Since only the weight and presaure are functions of time the relation ... 
ship can be written: 
~:: RT dw 
at vat o<t<t 
- - c 
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a 
For an isentropic flow of gas through an orifice and for p{t) greater 
than the critical pressure, the rate of flow can be expressed as:(l) 
dw a 2 ·l/k-l [ 2gk 11 / 2 
dt = -11 A(t) p (t) (k + 1) RT (k + l)J 
where: A(t) = Area of orifice at time, t 
g ::: Acceleration of gravity 
k ::: Ratio of the specific heats of the gas 
11 ::: Orifice coeffici~nt 
o < t < t (10) 
- c 
Substituting (10) in (9), the equation expressing the pressure as a function of 
time is: 
l/k-l ~ _ _ A(t) pa(t) ( 2 ) 
dt - 1') V k + 1 (11) 
2 l/k-l 2gkRT 1/2 . 
Let t3 = (k + 1) (k + 1) ,a constant whJ.ch is dependent only on the 
type of gas.. Simplifying equation (11): 
The solution of this differential equation is: 
.... " e.jA(t) dt 
a( ) V· P t ::: C e , 
o < t < t (12) 
- c 
o < t < t (13) 
- c 
Where C is determined by the initial conditions in the chamber: 
a C = p the initial absolute pressure in the chamber at t = 0. 
o 
Now (13) can be written: 
o < t < t (14) 
- c 
The orifice opening as a function of time can be obtained from the 
movement of the slide valve as a function of time. Neglecting any frictional 
forces, the force K(x,t) which moves the slide valve system is the result of 
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1) the force p(x} caused by the pressure on the auxiliary pistons, and 2) the 
force p(x, t) caused by the pressure in the main chamber on the slide valve 
rods. 
As the volume of the auxiliary chambers is increased by the movement 
of the auxiliary pistons the force p(x) is reduced, since no additional gas is 
introduced into the auxiliary cylinders,. This force can be expressed approxi ... 
mately: 
where: 
p(x) 
x 
= 2 A pg ( 0) 
a. os. X+X, 
o 
o ~ x S 2.125 (15) 
P (x) = Force applied to the slide val ve from the gas in the auxiliary 
chambers 
x = Distance which determines the initial volume of the auxiliary 
o 
chambers 
x = Distance the slide valve moves and consequently the distance 
the auxiliary pistons move. 
The force on the slide valve system from the slide valve rod$ is a function of 
the pressure in the main chamber. ' Since this force is only a. small part of the 
total force on the slide valve system, a rough approximation is satisfactory. 
The pressure on the slide valve rods ,remains constant until the slide valve be-
gins to open. After the slide valve begins to open the pressure in the chamber 
may be assumed to vary linearly with time and to dissipate in the time, t ,. 
a 
Then: 
p(x,t) ::; 2 A pg o :5: x :5: 0 .. 813 (16) r om 
at x = 0 .. 813; 'f = 'Tl 
"r + t ... l' 
p(x,t) ::; 2 A pg (1 a. ) 0.813 < x (17) 
r om ~a 
1'1 :5 T :51'1 + t and So 
p(x,t) = 0 T1 + t < T (18) a-
where: p(x,t) = Force applied to the slide valve from the gas in the main 
chamber 
~ = Time measured from the time the slide valve begins to move 
~l = Time at which the slide valve begins to open the orifice 
t = Assumed time to evacuate the gas in the main chamber 
a 
The expression ~ = K(x,t) was solved by numerical integration for 
the time-displacement relationships of the slide valve for the following coo-
di tions : no pressure in the main chamber, 800 psi in the top chamber and 895 
psi in the bottom chamber. Since the time -displacement relationships of the 
slide valve are very nearly linear over the length of the orifice the rela-
tionships were linearized and a constant velocity of 342 in./sec. was assumed 
for the slide valve during the opening of the orifice. These relationships 
are presented in Fig. 19. 
With the constant velocity of the slide valve the area of the ori-
fice can now be expressed as: 
where: 
!A(t) 
A t 2 
dt :: 0 
2 tl 
JA(t) dt = A (t - t l ) 0 
A = Area of orifice when open 
o 
0 <t < t 
- 1 (19) 
tl s t < t 
-
c 
(20) 
t = Time measured from the time the slide valve begins to open the 
orifice 
tl = Time at which the orifice is fully open 
The expression for the pressure in the chamber can now be written as: 
(21) 
(22) 
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t3 A t 2 . 
'" 
0 
:c 
-11 - 2 tl V (23) where: 
t3 A A.t = 
0 
tl -Tl - 2" 1 V 
(24) 
and: t t3 A (t .. t 1 ) :: -11 V- a (25) 
Since these pressures are absolute pressures and the load measurement is a re-
sult of only the applied or gage pressures (pa = pg + patm), the relationships 
must be solved for the gage pressures. 
pg(t) = pg e'" .. patm (1 - e~) 
o 
where: pg(t) = Gage pressure at time, t 
(26) 
(27) 
For a compressive loading ,by the machines both chambers are pressur ... 
ized in such ~ way that initially there is no unbalance Of. the potential ra.pid 
load. Then the gas in the bottom chamber is released and the gas confined in 
the top chamber applies the load. 
For compressive loading the expressions for the load become: 
F(t) :: a.tm A. 
F (1 + T) (1 ... e ) 
0 Pob 
F(t) atm ).. (1 + T) (1, ,t1 0/) -F-= .. e e 
0 Pob 
where: F ( t) :: Rapid 'load. applied by :machine at time, t 
For compressive unloading, the expressions for the load became: 
(30) 
(31) 
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19.. Theoretical Rise and Decay for Machine No.3 
The load-time chara.cteristics of machine No. :; can be obtained by 
re~at1ng the weight of the gas in the chambers at any time to the ini tiaJ. weight 
of' the gas .. 
where: p~( t) = Absolute pressure in the internal chamber at time, t 
p:<t) :: 
a 
Poe = 
R1, R , e 
T1, T , e 
Absolute pressure in the external chamber at time, t 
Initial absolute pressure in the external chamber 
R = Perfect gas constant for gas in the internal chamber, 
a external chamber and air respectively 
Ta = Absolute temperature of gas in the internal chamber, 
external chamber and air respectively 
Vi = Volume of an internal chamber 
AssumiIlg that the gas is of one type throughout the chambers, the gas 
constant can be eliminated and, assuming a constant temperature, the pressure 
in the inte:rnal ch8mber which determines the loading function reduces to: 
a ) Ve [a a ] a;tm Pi(t = Vi Poe - Pe(t) + p (33) 
This relationship satisfies the in1tiaJ. condition of p~(t) = patIn and the final 
8.) a condition in which Pi (t :: Pte! the final ga.s pressure in both the internal and 
external chambers without movement ()f the piston. 
The load ... time relationships for machine No. 3 are obtained in a simi ... 
lar way to the relationships for machines No. 1 and No. 2 and are as follows: 
For compress'i ve loadiDg: 
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(;4) 
ml- a.m Ve ~t * F - (1 + T-) (1 + y-) (1 ... e 1 e ) t1 ::s t :s tc 
0 Poe t 
For compressive unloading: 
~= atm V >.. 1 - (1 + p-) (1 + ve ) (1 - e ) 0 ::s t :S tl 
0 pg b 
oe 
F(t) atm Ve At e~) F ::: 1 .... (1 + L-) (1 + y,-) (1 - e 1 
.0 pg b 
oe 
tl :s t ::s tc 
Since the gas in the externaJ. chambers is evacuated into a confined 
space, the critical pressure is much larger for machine No. :; than fer machines 
'No. 1 and No.2. Although the analysis does not hold for more than abcut .one 
half .of the maximum load, because of the critical pressure being reaChed, it 
does indicate that the load rises and decays much more rapidly for this machine 
than fer machines No. 1 and No.2. 
20.. Approx1:ma te Analys is for Machine s 
If, in the relationShips derived for the load-time characteristics 
..... 
fer the maChines, the terms involving the atmospheric pressure are eliminated, 
the relationships became independent .of the a.pplied pressure. The procedure is 
equivalent te assuming that the fundamental gas laws are based on gage pressure 
and not a.bselute pressure. The load-time relationah~ps for this condition 
follow: 
For Machines No.1 and No. 2 
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For compressive loading: 
F(t) = 1 _ e A 
Fo 
F(t) _ 1 At W FO - - e 1 e 
For compressive unloading: 
(40) 
(41) 
For machine No. 3 
For compressive loading: 
( 42) 
(43) 
For compressive unloading: 
(44) 
i:;t(+') V At llr ~- 1 - (1 + ve ) (1 - e 1 e~) 
Fo - b (45) 
21.. Summary of Theoretical .AnaJ.yses 
The values of the various constants appearing in the load-time rela ... 
tionships for the machines are su.mmarized in Table 1.. With these expressions 
and constants, the load ... time characteristics of the machines were obtained for 
piston positions of 18 and 0 inches for both helium and nitrogen gas as the 
pressurizing medium and nominal. initial gas pressures of 100, 400, and 800 psi. 
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The approximate load-time relationships for ma.chines No .. I and No. 2 were also 
obta.ined. The relationships are presented in Figs. 20 through 26. 
For machines No.1 a.nd No .. 2 the rise end decay timeS, which can be 
obtained with the machines operating against a. rigid system are presented in· 
Table 2, where the time is measured from the time the load begins to change to 
the time at which the load reaches the critical pressure. 
Since the analysis does not hold beyond the critical pressure, which 
occurs at approximately 50 percent of the final load when the external cylin-
ders are initially. pressurized, the load-time relationships are included only 
as en indica.tion of the rise and decay times. The rise or decay time for. 
machine No. 3 is probably less than ten milliseconds since the initial rise 
and deca.y of the load is much more rapid under all conditions of volume and 
pressure than those for machines No .. 1 and No.2. 
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Table 1 
Constants Used In The Theoretical Analysis 
A :B 55 in2 
° 
At = 78.54 in
2 
~= 70.24 in2 . 
V = 6270 in' 
e 
eN t= At (stroke) 
5Vb= ~ (stroke) 
11 ::: 1.0 
g m ,2.2 
t 1= 0.00475 
, 2 ft/sec 
sec 
T = 460 + T degrees Rankine (oR) 
of 
For Nitrogen Gas: 
k :: 1.4 
R m 55.2 ft/OR 
~ = 660 tt/sec 
For Helium Gas: 
k = 1.659 . 
R g ;86 ft/OR 
tt/sec 
Basic Volumes With An 18 Inch COmpression Stroke Available 
in' VbC 1880 
Vtc 570 
vt = ;780 
without storage chamber 
with storage chamber 
Basic Volumes For Other Piston Positions 
Vb: 1880 co ~ (18 ... available stroke) 
Vt = 570 + At (18 ... available stroke) without storage chamber 
Vt = 3780+ At (18 - available stroke) with storage chamber 
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Table 2 
Load Rise And Decay Time For Machines No.1 And No.2 
Theoretical Decay 
... 
Time, 0 .. 001 sec 
Ul ti.) .... ~ tlO Pt s:l ~ ~ ~ With Without -rl 0 -rl -rl -rl 
,.!14 -rl +' +' -rl 8 +' +' Storage Storage til ~ td 8 ~ ~ ... fJl Q) Q) Q) Chamber Chamber rd Q) 0 rd 8 Q) fJl o· rd ~ 8 ~ ~ 8 to C1l ·14 'td 8 fJl PiCll -rl p:; &l H ~~ rxl Hal p:; Httl 'ri Q) r-i -rl (j) r-i rl ~ U 0 ~ CIl IH ~ r-i ~ ~ ttl IH ~ rl ~ ,.; ~ 0 ~ -riP4 OP-t cd ·ri P4 OP-t ~ td 
-rl Q)H U () ~ 0 () ~ 0 s:l 
ttl rl (I) .... +'r-i -rl Q) ~ ~ Q) .... +'r-i 'r! ~- -rl ~ al .0 .... ~ ~ ~ ~ +l CIl ~ ~ ~ ~ +l +l (I) ~~ <lJ -rl ::J <lJ Q) 0 <lJ -rl Q) 'r! ~ m,.Q U-rl ~r-i ~r-i to.o CJ 'r! ~ ~ ~ ~ ~ -rl 0 CIl S t-> 00 Q)O ~j +' 0 <lJ 0 ~ m ~Jj ~~ ~ .r! evO ~~ H-rl ~ ~ ~ ~ 0 Q) ~ ..c:. ~U ~l3 u <r!Ul P-tO P-tO 80 r:il0 8 ~ 8 M 
N2 7 .. 8 0 112 88 .. 1 4 .. 5 100 13 .. 3 19.4 8.8 
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Fig. 2 Trigger Assembly in 
Fired Position 
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Fig. 1 Trigger Assembly in 
Ready Position 
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Fig. 7 Testing Frame and Machines No. 1 and No. 3 
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APPENDIX A SPECIFICATIONS FOR MATERIALS AND COMPONENTS 
a.. Cylinders: API plain end seaml.ess pipe, Grade B, 
Minimum Test Pressure 1000 psi. 
b .. Heads, Flange s, Rolled Shapes, etc.: ASTM A ... 7 
c.. Rods and special nuts: AISI 41)0, noxmalized 
2. Aluminum Plate: 
3.. Bolts: 
4.. Seals: 
All aluminum components fabricated from 6061 wrought alloy in 
T6 temper .. 
American, Standard Semif'in1shed Hex. Head; Conforming to ASTM 
specification A325-49T. 
Linea.r no" riDg seals;!. style LC A 90-0 
5 • So1eno1d.s : 
General Electric Heavy Duty Solenoids Type CR 9503-2?9 C, 
Pull Type, 110 volt D .. C.. l-inch stroke. 
6.. Bearings: 
7.. Timer: 
Torrington Bearings Type RC Cat. No. FDT-l4: 
Electro Pulse Model 272-A, ten channel timer with thyratron 
output circuits with 5 amp. ca.pacity 
8e Manifold System: 
Linde Oxweld High Pressure Gas Manifold, Type M 26 equipped 
with Linde Oxweld Pressure Regulators, Type R 89 
9.. Control Panel: 
a. Pressure gauges: Ashcroft Pressure Gauges Type 1057, 
~a.nge 0 to 1000 pai, Al.uma Life Case 
b. Control Val vee: Hoke Direct Mounting Panel Valves No II 379 
Co TUbing and Fittings: Copper Tubing and Fittings suita.b~e 
62 
for working pressures of up to 1000 psi e 
APPENDIX B WORKING DRI\.r-lINGS OF MACHINE PARTS 
Since the machined parte or the loading units "Were essentially band ... 
made, there are some small discrepancies in the dimensions of supposedly iden-
tical pieces. For the most part, ma.chines No. 1 and No .. 2 were matched as 
closely as possible insofar as the major parts of the machine are concerned .. 
If replacements of a:ny part are required, it i~ suggested that" the critical 
dimensions be measured rather than blindly using the dimensions shown on the 
working drawings.. Some pa.rts of the machines were altered after other parts 
serving the same function were made, thus the working drawings do not always 
correspond to the parts in a. particula.r machine. The working dra.wings in all 
cases correspond to the la.st al.teration ia.e.d.e to a:ny of the three machines and. 
it is suggested that any replacement parts for any of the machines be made to 
correspond to the working drawings. 
No .. 
Parts List for 6o-Kip Pulse Loading Machines 
Part 
6o-Kip Pulse Loading Machine 
1 
1 
·1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Main Cylinder Assembly. 
2 
') 
4 
5 
6 
7 
8 
9 
10 
Slide Valve Assembly 
11 
12 
If 0" Ring 1820 ... 32 
HOH Ring 1820-40 
110" . Ring 1820-86 
. "Oil Ring 1820 ... 15 
tI 0" Ring 1820 .... 23 
" Olt Ring 1820-42 
"On Ring 1820-45 
uo" Ring 1820 ... 75 
tI Of! Ring 1820-78 
troU Ring 1820-19 
" ott Ring 1820-75 
Specia.l "ott Ring 
Main Cylinder 
Main Piston 
Main Piston Rod 
Main Piston Nut 
Main PistOD Washer 
Dynamometer Connector 
P~ignment Pla.te 
stop Plate 
Storage Chamber 
Head 
Main Piston Rod Bushing 
64 
Number Required 
4 
1 
7 
4-
4 
1 
4 
1 
4 
4 
2 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
65 
No .. Part Number Required. 
13 Auxiliary Cylinders 4-
14 Auxiliary Piston 4 
15 'Ta.lve Rod 4-
16 Val ve Rod Ta.ppet 4 
17 Lock Nut 8 
18 Nut 8 
19 Washer 16 
20 Washer 4 
21 Lock Washer 4 
22 Slide Valve Cylinder 2 
. '23 Slide Val ve 2 
Trigger Frame and Link Assembly 
24 Trigger Frame Column 4 
25 Trigger Frame Beam 4 
26 Connector Angles 4 
27 Link 8 
28 Link Bracket 4 
29 Link Pin 4 
30 Link Pin 4 
31 Washer 8 
32 Bearings 4 
33 Co~cting Bar 2 
Trigger Adjustment Arm and Trigger Piston Assembly 
;4 Trigger Cylinder 4 
35 Packing Nut 4 
.... J' Trigger Piston 4 .::;10 
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No .. Part Number Required 
"57 Trigger Adjustment Arm 4 
:;8 Adjustment Arm Pins 4 
39' Trigger Bar 2 
Trigger Mec.ha.n1sm Assembly 
40 Trigger Bracket 2 
41 Safety Bracket 2 
42 Safety Fork 2 
43 Safety-Pin 4 
44 Sear Ca.tch 2 
45 Sear 2 
46 Sear Bracket 2 
47 Actuating Link 2 
48 Actuating Mass 2 
49 Lock Nut 2 
50 Solenoid Core Connector 2 
51 Sear Pin 2 
52 Sa.fety Catch 2 
53 Solenoid Pin 2 
54 Safety Rod 2 
55 Safety Ta.ppet 2 
56 Safety Sea.r Follower 2 
57 Safety Spring Follower 2 
58 Machine Mount 2 
59 Frame Mount 2 
60 Friction Clutch 2 
.61 External Cylinders 2 
67 
No. Part Number Required 
62 External Cylinder Head 4 
63 Inner Sealing Rint 2 
64 Outer Seal. and. Retainer Ring 2 
65 Inner Retainer Ring 2 
66 Head Tie ·32 
67 Flange Bolts 60 
68 Trigger Bolts 4 
J 
I 
-
/ 
~ r~T----+~ I If-~H----{"h, t I i..J..I.J- ____ -f.J,.. l4+ .. _____ ,J .. I 
I 11 II II II I 
! :: 1, I,QJ oj :' " 
I Jtl----ilil F 19 Jtt----H I I"""""' 
: r---· .. ~ .. :.:--I nh r~-"-""".,[-, I I " 
10 eo 0 00 ", II nOlO oO'\D1 
'" 
0 / I I 
Connecting Bar 
Trigger Support 
Auxiftary Cylinder 
Pressure Head t-o--I 
Slide Valve 
Cylinder Orifice 
-
Slide Valve Cylinder 
-Storage Cylinder 
Inserted Here 
Plate 
~-----1+-Mdin Cylinder 
Piston 
Plate 
Cylinder 
Valve 
Valve Rod 
Hearl 
Cylinder 
Piston 
Reset 
A 
Cylinder Orifice 
r.J--Ht-I~---~ Slide Valve Restraining 
Link Assembly 
'------...:Trigger Frame 
Shaft 
Sear Catch 
=Trigger Piston 
Assembly 
Trigger 
Adjustment Arm 
SIDE VIEW OF TRIGGER MECHANISM 
SEC TION THROUGH MAIN CYLINDER 
o 2 4 6 12 
I. M M I 
Scale In Inches 
SECTION A-A 60 KIP PULSE LOADING MACHINE 
Detail 1820 O-Ring "e" Gland liP' I Dash No. Width to.OOO 
-0.005 
D ~I J..- A-I -32 0.150 
A-2 -40 0.153 . 
A-3 -86 0.200 
Detail "Au 
Detail 1820 O-Ring lie" Gland 
'IIS" Dash No. W'd +0.000 I th-o.oo I 
8-1 -15 0.113 
8-2 -23 0.113 
8-3 -42 0.IS8 
8-4 -45 0.178 
8-5 -75 0.230 
8-6 -78 0230 
Detail iDS'· 
1 __ 180 11 RINGS 
"011 Groove "R" Radius 
Length Minimum 
9/32 3/64 
1/4 3/64 
3/S 1/16 
liD" Groove VlRIB Radius 
Length MinimuM 
3/16 1/32 
3/16 1/32 
9/32 3/64 
9/32 3/64 
1/4 1/16 
5/16 1/16 
UNIVERSITY of ILLINOIS 
60 KIP . 
PULSE LOADING MACHINE 
Port Number 
I 
Page 
0\ 
\0 
e--'----------------------
Detail ItC" 
' .... -----
1- DBO" RING (1820-19) 
OlO 
00 
00 66 
+1 
10 
~ 
Detai I ... Oil 
I-DBOII RING (1820-75) 
0.340 +0.000 
-0.005 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MAC.HINE 
Part Number 
, 
Page 
(j 
MAIN CYLINDER ASSEMBLY 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number 
Main Cylinder Assembly 
. 
Page 
-.J 
I--' 
Dr ill 2 0 Hoi e s 
T <!JI 
1-11 
I~ 
N ~I I -~ I 
I(D N I 
- I 
I t~ 
I 
~ 
~ 
v 
I 
-t 
"-
N 
I Ii C 
I L'3D I ... , 
21 0 
-
,~~ 
O-Ring detail 
2-MAIN CYLINDER 
I Req1d 
1/16 Drill 16 Holes 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number I Page 
2 -:J 
ro 
c:i 
Or«) 
00 
00 
dd 
+1 
O-Ring detail A-2 
O-Ring 
3- MAIN PISTON 
I Req'd 
Aluminum 
detail 8-5 
--- 3/4 
2 3/4-12 Thd 
3.246 'to.002 D. 
2.850-12 T hd 
+0.000 2.998 - 0.00 I D. 
I"" " " I ~ -''9'11----
":,"'-'--'--1.." ...l.-L-J.-!.! ...L....J-..L.-!!' ...I-.I....-J..' , 'I \L......-~ tt I'-'--f ~i "--1..-..1......., , ,  v
._ 5 I/Z ---+-- 42 3/4 ---+2 1/4+2 1/2--1 
j....c 5 3 'F"I 
2.850-12 Thd 
4-tN~IN PISTON ROD 
I li1eq'd 
AISI- 4130 Steel 2 3/4-12 Thd 3-12 Thd 
5- MAIN PISTON NUT 
I Req1er 
AISI- 4130 Steel 
it 
l! 
-Jl-1/4 
6-MAIN PISTON \JVASHER 
I Req CI 
A-7 Steel 
l---±=j 
7-DYNAMOMETER 
I Req'd 
AISI-4130 Steel 
CONNECTOR I UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number 
4,5,6,7 
i 
Page 
-::I 
i 1/16 Drill 
16 Holes 
0- Ring detail A-3 
d 
00 qQ 
00 
+1 
o 
o q, . 
C\I 0 
~ ~I 1/4 
8 -ALIGNMENT PLATE 
I Req'd 
A-7 Steel 
ci 
en 
o 
00 qq 
00 
+1 
8 
~ ci 
~ ~3/4 
9-STOP PLATE 
I Req'd 
A-7 Steel 
Part Number" 
8.9 
Page 
-r 
\Jl 
O-Ring detail A-3 ------y 
01 
10 
~ 01 
111 
1 3/8-11~ 21 -.~ L. 3/8 
., 23 3/4~ 
IO-STORAGE CHAI\~BER 
I Req'd 
'" 
I 1/16 Drill 16 Holes 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING M 
Part Number 
10 
Page 
-.;J 
I 
~ 
NO.1 Drill 
1/4-20 Top 
20 Holes ----
I ./2 Drill 
I 
,\ 
\ 
\ 
\ 
"-
" 
2 Hole s--------J 
II-HEAD 
2 Req'd '(See Note) 
A-7 Steer 
I 1/16 Drill 
16 Holes 
NOTE: I Req'd With Centerhole 
Req'd Without Centerhole 
'It 
t 
o 
~ gg 00 I . + I 
ci 0 
0- 0 
00 q 
00 N o . -
+? 
d 
co 
UNIVERSITY of· ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number 
II 
Page 
~ 
1---------- ·0 8/~ V -------;!1I!IOo! 
+ 0.00 I I. D~ 
1.250 - 0.001 r-- 9/32 Drill 13/32 C'ba,re 
3/16 Deep 
10 Holes 
I....... 4 1/2 ,.." 
If 
. .. ~ I ill 
1/4 Drill 24 Holes 
O-Ring detail A-I 
~--- O-Ring detail B-2 
~ ci ~ 10 'It ~ \~ -: I ;; 
g I ~ ci I I I I 
.+1 
(\I 
0 
0 
I I I .¢ 
1/4 
t-f--3 3/8 "3 -1/8 
~5/32~~/32L.-1: 5 1/2 I I I I - 5 1/2 ~ I 
O-Ring detail 8-2 
13-AUXILIARY CYLINDE!R 
4 Req'd 
~~
Detail E 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number 
13 
• Pa~8 
CP 
o 
-....."""'-
........... , 
'" '\ 
-
" / 
......... I / 
---- // 
- +--- ...-' ",. 
\ 
\ 
\ 
/ 
/ 
/ 
\ 
\ 
J 
/ 
O-Ring detail 
14-AUXILIARY PISTON 
4 Req1d 
Aluminum 
d 
ON 
00 
00 
~o? L.4 op' b 11 
o . 
o c 
• 00 
0.0. 
00 
.. I ----i-
N 
o q 
I 
0- RinQ detail C 
UNIVERSITY of ILUNOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Numb-& r 
14 
Pc:HJ& 
(Xl 
l-' 
- ,.- 14 N F 2 T h d 
10. 
16-VALVE ROD TAPPET 
4 Req1d 
AISI- 4130 Steel (hardened) 
+0.001 
1.246 -0.001 D. 
1;"14 NF 2 
0.999 ± 0.0010. 
14 3 3/4 ... 1 
6 9/16 ... , If6 4 ~/16 1Jo I 
IS-VALVE ROD 
4 Req'd 
,AISI- 4130 Steel 
17-LOCK NUT 
8 J1eq'd 
Size: 1-14 Hex Nut 
IS-NUT 
·tr~Req'd 
SIze: 1-14 Hex Nut· 
, .... ~rfJ 
--
-, 
_~Cut down as req. 
T 
19-WASHER 
16 Req'd 
Size: I I. D., I 1/2 0.0., 
1/8 Thick 
20-WASHER 
4 Req1d 
Size: I 1.0.,2 0.0., 
1/4 Thick 
21-LOCK WASHER 
4. ReqCJ 
Size: I J.D. 
UNIVERSITY of ILLINOIS 
60 KIP 
Part Number 
15,16,17,18,19,20,21 
MAl 
Page 
Q) 
I\) 
O-Ring detail A-3 
d 
N II a 
-0 I II II I ~ l (1) II /1/ 
·00 
a q~ 
an 00 
I'-: +1 
N ft) 
0 
0 
t\i 
- \\~~ ci Q ~ I I I Il 11 -N If) 
" If) 
I 7/16~ ~- 5 7/32 ~ ... ~ I. ~ . I 7/16 ~-e 3/32~. 
I 1/16 Drill 
16 Holes 
22-SLIDE VALVE' CYLINDER 
2 Req'd 
\ 
\ 
I 
I 
I 
UNIVERSITY of ILLINOIS 
60 KIP . 
PULSE LOADING MACHINE 
Part Number 
22 
• Page 
OJ' 
~ 
'. 
I 1/16 Drill 
Cibore I ~/2 ' 
1/8 DeeJJ~ 
Back su:hr 
2 Holes 
O-Ring detail 
Match, drill. top, 
a c 'bore for 3/8 -16 
Allen hd cop sc 
14 Holes 
23-SLIDE VALVE 
2 Req'd 
Aluminum 
ci 
o 
o 
o 
+1 
..... 
en 
C7! 
c::i 
o 
'\\":'\' lt~;! ~'I :~ I'r I 
' " °1 II !i 
~ ! :) 
I I 
I I 
L.l 
Ir--y° °r,1 
Ii--r---- -t 11 
II 10 01 II 
~---
I I 
I I 
LJ 
I,., ° , ~+---4tf 
II 10 0 1 II +---~_H 
'I ' I ____ J 
~------/ 
o 
TRIGGER' FRAME AND LINK ASSEMBLY 
-roY-
--l--t-
/J> ° I 
r-__ --Ltl( - - - -,. I () 0 I 
--r----_..IJp-:.: -_ ...... J- I 
rf 1-0- r\ 
""'-.l. \....:,)" I 
6 
__ / I 
....... _"tI 
o o 
000 
o 0 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number 
Trigger Frame And 
Link Assembly 
Page 
()) 
\Jl 
I" Drill 
~ r- 5 ~13/4L:! ",. I 
1~~BB-
~ T-
I 
~5/8 
~~/16~ 
T 
C\.I 
I 
C\I 
~ 
I'tl co ~ I 
1+~ 
---
Dr ill a 
top 3/8-16 
3 Holes 
Drill 5 Holes 
Drill a 
to p 5/16 -18 -.\ ~ 1/2 
4 Hales \ I 
I 1/4t' 1/13/4 1-
1/4 I t I 
F 
" 
I 1/16 Drill 
L
IO it--r-l,~~ 
I I I 
~ 
~~ __ rT 1~4-J 
26-CONNECTOR ANGLES 
co 4 Req'd, A-7 Steel 
-;;;- 5/16 Drill 12 Holes 
t-n -r-
ep _~ - --t+lEP~_ -
1 3/4 .14 6 1/4 .. 1., 3/4+2 5/1S::I rtS/lS 
l-.d 14 1/2. ~ .::::::. 
~ 
Drill a tap 
1/2.-13 
5 Holes 
25-TRIGGER FRAME BEAM 
4 Req'd 
A-7 Steel 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number 
24,25,26 
Page 
(X) 
0\ 
3/4 R.-
Drill a 
for 3/8 
cap sc 
3 Holes 
3/-8 t<.~ 2, 3/4 .. I 
Drill a tap 6-32 ~~ 4 1/8 "'""' 
r-' 1 
N 
21-LINK 
Req'd: 4 R.H .• 4 L. H. 
A-7 Steel 
~ -ltlf rt--i=-3P] ~t 
1/4l ~/2~4 2 1/4-4112:rl/ 4 
4 3 3/4 
28-LINK BRACKET 
4 Req'd 
A-7 Steel 
11/2r 
r-
\ 
1/4 R. 
R. H. L.H. 
Ream 3/4 
Drill 8' tap 5/16-18 
4 Holes 
rDrill a tap 
. L~-:r~-.·· I I 
~lOIIIIII-f----- 3 ~/4~ 
29-LINK PIN 
4 Req'd 
A-7 Steel 
b- u=-l 
\....--3 1/4 ~l 
30-LINK PIN 
4 Req'd 
A-7' Steel 
Ream 3/4 
6-32 
! 
........ 
(J) 
i 
--, -', . 
_-=--=v- ---(:(..,-~ ~ -=-- ~ 
01 
~ :--"1'>. _..::v- I" 
tl:=2 '"'4 
Drill 8 tap 
r--~-= 
31-WASHER 
8 Req'd, 1/8 Thick 
32-BEARING 
4 Req'd (See materials 
a, components specifications) 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number 'I pa~ 
27,28,29,30,31, 32 ~ 
1/8 
Drill a to p 3/8-U; 
4 Holes 
NOTE: Locate, drill, a tap during assy. 
~ '6 1/8 )pm~ ~ 3/4 ....."r-{----''''~IIIIIIII ... f__---- 6 1/8 IIBa I 
-~2. 3/4 
~ t 
"-rt') 
""II"" ' 
tap 4 
..J . 
I"""" 3 1/8 ~ 2. 1/4 ~ k 5 3/4 ~ 2. 1/4 ~ 3 1/8 !ilL"" I 
~ 18 POI 
Locate, dr ill, a ta p 
during assy. 
33:-CONNECTING BAR 
2 Req1d 
Aluminum 
Steel wear plate 
4-40 Flat hd sc 
4 per pla'te 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Page 
&J 
• 
'Part Number 
33 
3S:I'---t------t-
34) I ---=", I (+~.,.t-+-
-@--.----.. -ff 
I TRIGGER ADJUSTMENT ARM AND 
TRIGGER PISTON ASSEMBLY 
UNIVERSITY of ILLINOIS 
. 60 KIP 
PULSE LOADING MACHINE 
• 1'<108 -
OJ 
Pan NumDe, 
Trigger Adjustmenf Arm 
a Trigger Piston Assy \0 . ·1 .' 
I 
;:J, 
'. ~I, 
. \~ 
~ 
9/16 I 1/4-12 NF2 
35-PACKING NUT 
4 Req'd t A-7 Steel 
1 
ci 
N 
~ 
~ 
f.1I 2 ---III 41---. ~3/4~ 
O-RinO detail 8-1 
i-rtfl . f-i 0- __ 88 ~=== __ ~ 
cJ! __ ~::==== 
en 
en 
!! 
...... 
en 
Top 1/4- 28 
d 
,-
1/8 -
·L,9/16 ~I 
~ 2 lirl 
-r 
36-TRIGGER PISTON 
4 Req'd 
Aluminum 
[ I 3/8~~! 
1-,1 IIBj t1l2-j 5/16 Drill 
4 Holes II 
co 
~ 
N 
CD 
" TV'6 k-
I 
1/8 
I 1/8 Dia 
Top I 1/4-12 NF2 
1-,.1 VI:r 
1/8 
~ ~ ff) 
ff) 
+~ 
I 
·3/4-J !t 
I 1/2 '4 
~ 
ff) 
34-TRIGGER 
4 Req'd 
A-7 Steel 
CYLINDER 
UNIVERSITY of ILLI NOIS 
60 KIP 
PULSE LOADING MACHIN 
Part Number 
34,35,36 
Page 
\0 
0-
\ \. 
\ 
Orm a c bore for / 
5/16 soc hd cop sc-/ 
Q:' 
~ 
t4) 
a: 
~ 
ttl, 
CD 
3/4 ! I I .,. I 
d) .0 
;;.' 30 ./ 
~V/., 
~~ 
'\ -%/ 
~ 
~ 
~II 
I I 
.. 
~,.!~4 
/ t7/8J.1~3/4~:~~~ ~ill 8 c'bore for 
5/16 soc hd cop sc 
3 Holes 
:37-TRIGGER ADJUSTMENT ARM 
Req1d: 
2 - Right Hand 
2- Left Hand 
A-7 Steel 
ttl 
CD 
a to p 5/16-18 
r 
- -
~'I j3I~ L 
38-ADJUSTMENT ARM PIN 
4 Req'd 
A-7 Steel 
I 
~:==JJ Ef=lF3fH FE-~-=t-
,---
~ 
r--
I---=- T N 
r--1- L t=1..ad--_7·~:_4 -~114-1~. 1=) 
Drill a top 5/16-18 
10 Holes. -
:3 9-TRIGGER BAR 
2 Req'd 
UNIVERSITY of ILLINOIS 
A-7 Steel 
60, KIP , 
PULSE LOADING MACHINE 
Port Number 
37,38,39 
Page 
\.0 
l-' 
Friction Spring--
TRIGGER MECHANISM ASSEMBLY 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number 
Trigger Mechanism 
A 
I 
Pagl'! 
'0 ["0 
tap 6-32 
Drill 8, rea m 3/8 
.----Drill 1/32 c'bore 5/16 
C\I 
~ 
(\.I 
.:t 
I'f) 
LI_ 
T 
ao 
" 
:t ~3/4 ~I ; 
~ ~ . 
~1~ILI~~I~!--r----7'1 
C\I 
~ 
3/8 1-4 
NOTE: Corners r.ounded with 1/8 radius. 
3/16 
for 3/32 pi n to P 5/16-18 
40-TRIGGER 
2 Req'd 
A-7 Steel 
BRACKET 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING' MACHINE 
Part Number 
40 
Page, 
'-0 
\.).I 
Drill 8 top 10-32 Drill' for 1/4 pin 
13/8 )+1/213/8 r 
ffij . --F Turn to 3/32· ~Illillllllllllll*-_5 Round end as req. 
~3/8. -+ 1/4J . ~5/8~ , 
43-SAFETY-PIN 
4 Req'd 
Size: 6-32 x 5/8' . L 
+. , 1 t- ' tap 
a tap 
1/8 
I • I 
-t ~ 
- "'" ft) 1#. 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number 
41,42,43 
Page 
\0 
~ 
t:= 2, ~ 
I ~ 3/4 ~'~4Ft3/4 
- III 
__ .-.1 IT 
Center section to 
be finished during 
ossembly--....., 
1&111 I 1/2 ~I 
I~ I 1/8 
...----".11". I' ,+r TN In N 
If) 
~ ~~:J3L _ ", " 10 
Drill for 5/16 
soc hd. cop sc 
c'bore 1/8 deep 
2 Holes 
44- SEAR CATCH 
2 Req'd 
SAE-4140 Steel 
Hardened To Approximately 
Rockwell C-50 
I Drill 5/16 
UNIVERSITY of ILLINOIS 
60 KIP . 
PULSE LOADING MACHINE 
Part Number 
44 
• Page 
\.0 
V1 
~ I 3/4 
I I I TT,-l I I 
I 'I 
I I \ 
I I I 
I 
7/8~ 
~/2:l:1 1/4~ I 
~\ICO 
,\\ 
----2 ....., 
Drill 8 c'bore 1/4 
for 5/16 soc hd cop Ie 
! Holes . 
C\I 
f() 
........ 
10 
C\I 
--~-----------~ 
C\I 
~ 
t ~ , 
CD 
- S 
46-SEAR BRACKET 
2 Req(t 
A-7 Steel 
Drill 8 reom 1/4 
45-SEAR 
2 Req'd 
SAE - 4140 Steel 
Hardened To Approximate.1y 
Rockwell C- 50. . 
Drill a reom 1/4 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING· MACHINE 
- Port . Number 
45,46 
• Page 
\0 
0\ 
-~ 
~ 4 5/8 11-1 
6-32 Thd 
Drill 5/32-...... 
1/4 r-- Drill a top 6-32 
-i ,--( "t"'""I/{ ("""W'd~, ~I r ~~. . 
Drill 
I 
3/1~-
I =/ f_\.f/ C7/1S...\ -Ll3/1S 48-ACTU,ATING 3/4~ 2 Reqd. . 
. A-7 Steel 
Thd 
3/ISt Ls-9/j6 13/32~ . 31/32 ~ ~~$~3/16 ....... rt) 
50-SOLENOID CORE CONNECTOR 
. 2 Req'd . 
A-7 Steel 
1/4 O. 0.138 O. 
~11/4~ 
14 2 1/4~ 
MASS 
1/':1 r-' 1/32---1 
1/4 _~rn [J 
f ~ I 3/16 
1/16-1 r 
top 6-32 
-L ~ 3/s l0]f-. ~ 
--.L 
49-LOCK, NUT .• -W t ll8 
,2 Reqd ~1/4 . 
I A-7 Steel 
I 
I 
5IfsEAR-PIN, 2 Req'd, AISI-4130 Steel 
~Groove for Hair: Pin Cotter 
I 
52"SAFETY-CATCH,2 Req1d,AISI-4130 Steel 
53,...SOLENOID PIN, Supplied With Solenoid 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number Page 
47,48,49,50,51,52, 53 ~ . 
r 10 •• 32 T~d 7 
--$-- ijlll\I\lIi1 IHffilfffiBHffiffifiB \ 11\ 11\IHTflFffilJ L~ 1 3/8- .1. 9/16-1-- 1/2~ ~2 7/16 
54-SAFETY-ROD 
2 Req'd 
Drill Bt tap 'O-32~ 
-tl~ __ 0 - - (\J ~-=- ~ +-~5/16r j 
55-SAFETY-TAPPET 
2 Req'd 
AISI- 4130 Steel 
L ~-
5/32 0_=-£1- - --j- 3/16 0 
~ +---r-
I -l -i-.-3/32 ; 
f-.... 21/ 32 --.i 
-A--
'+'-
5 7-SAFETY~- SPRING FOLLOWER 
2 Req'd 
Brass 
AISI- 4130 Steel 
5/16 fO. 
tl 
Drill a ~'O.3~ 
w5/lr~ 
56-SAFETY-SEAR 
2 Req'd 
AISI-4130 Steel 
FOLLOWER 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Num ber 
54,55,56,57 
, 
Page 
'& 
.4 12 ~ 
~6 1/2~ 
. -0.010 ~ 5990 ... O.OO~ ~5 I '1 
N 
t 
co 
~ (\j ~ -:::::. 
It) o·h 
~ (\j 
w 
~ 
~w 
~ 11 ~ T rO 
~ ~ 
·_-...,..+~-JL-..J...---tl ,,\ ..... \"""<:~<:,," '" " " " • ~ ~ 
~ 
rt) 
T 
T @ //. ---'" -@-- l-r . / /' ;--t- ::::~ .'\ I / /' I ~\ \ I ¢ 
(\j / ,1(. I \\ \ 
-+--~(J;)--t--- -t+-----f -- ---trl 
'\ \\ "/ 
\ \ \ /1 
\ '~'- /~ / 
4 " ........ -+_ .... / " -]- ./ '- ./ ........... -... --..,.,.,. 
, 
-12!: 10 
. r-c.. '. 
58-MACHINE 
2 Req'd 
A-7 Steel 
14 PI 
MOUNT 
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Drill I 1/16 
12 'Holes 
Drill 13/16 
12· Holes 
59-FRAME MOUNT 
2 Req'd 
A-7 Steel 
i ,-r--L-~~--i 
\-t . . 10.560' +0.010 
- 0.000::------- ... 
GO-FRICTION CLUTCH 
2 Req'd 
A-7 Steel 
along t. 
machinino 
Drill 8 tap 
3/4-10 
12 Holes 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Port Number 
58,59,60 
II _ 
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61-EXTERNAL CYLINDER 
2 Req · 
A-7 Steel (Rolled from III 
plate a welded. Rerolled 
after welding.) 
NOTE: "a" Ring vulcanized from 
/ 
II II 66 5 8 length of .1/4 
rubber. 
EXTERNAL CYLINDER 
ASSEMBLY 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number 
External C~inder Ass 
II 
P~e 
8 
NOTE: Finish 1.0. 
Af fer Welding 
~\O~'4e 
(J':\\ 
~6\~ 
0\ It)r-
A 
--~/ 
tap 3/4-10 
7/8 Deep 
1/32 
Seve I for welding I" 
Section fJr-A 
62-EXTERNAL CYLINDER HEAD 
4 Req'd 
A-7 Steel 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number 
62 
• Page 
15 
o~ ~o·\{\ 
r--13/16 Drill e Holes 
Sec t ion A-A 
63-"NNER 5 EALING RING 
2 ReQ'd 
A-7 Steel 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING 'MACHINE 
Part Numbar 
63 
• Page 
E; 
64-0UTER SEAL AN~ 
RETAINER RING 
2 Req'd 
A-7 Steel 
13/16 Drill 8 Holes 
Each plate -----., 
Section A-A 
~ rl 1/8-1 
LQ 
t 
(\J 
:::::. 
.-
~ 
Section B-B 
----Split after 
_-=t"I"'---~_ machining 
1..0 \/1.. 
1/2 
It, 
65- INNER RETAINER RING 
2 Req'd 
A-7 Steel 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Port Number 
64,65 
• Page 
J-I O. 
L 10 7/~ .--1 I 
1 
'It 
~--------------------------------------------------~,~ 
66-HEAD TIE 
32 Req'd . 
-----.l r- 0 12" + 0.000 
---1l ~ '-0.005 
~ 
" •• I If.lll I II II II lit 
67-FLANGE BOLTS 
28 Req'd 
Size-I x 5 3/4-14 
A-7 Steel 
S8-TRIGGER BOLTS 
4 Req'd 
Size-I 1/32 x 6 1/2 - 14 
Oil) 
00 
00 
dd 
"'1 
rt) 
d 
13/4, 
UNIVERSITY of ILLINOIS 
60 KIP 
PULSE LOADING MACHINE 
Part Number I ~e 
66,67,68 0 
~ . 
